The ortho-and paramyxoviruses contain envelope glycoproteins which mediate attachment to specific cell surface receptors [haemagglutinin (HA) and haemagglutinin-neuraminidase (HN)] , and fusion of the viral and cellular membranes (HA2 and fusion protein) Lamb & Choppin, 1983) . The attachment reaction has been extensively studied (for review, see Dimmock, 1982) , but the mechanism and cell surface requirements for the fusion reaction have not been well characterized. A specific cellular recognition site has been implicated in the fusion reaction (Peterhans et al., 1983; Richardson & Choppin, 1983; Richardson et al., 1980) , and several reports have suggested a role for specific carbohydrate residues on cellular proteins or lipids, based on the capacity of certain plant lectins to inhibit fusion/haemolysis reactions for Newcastle disease virus (NDV) or Sendai virus (B/ichi et al., 1978; Polos & Gallaher, 1982; Toyama et al., 1978) . Additionally, lipids containing terminal D-galactose residues have been shown to compete with Sendai virus for haemolysis of human erythrocytes (Huang, 1983) .
To evaluate further a role of cellular carbohydrate in fusion, we extended studies of the capacity of various plant lectins to inhibit the haemolysis of chicken erythrocytes (CRBCs) by representative ortho-and paramyxoviruses, including a systematic evaluation of the site of lectin action. In the present study, lectin was bound to cells and free lectin was removed by washing prior to incubation with virus to avoid some of the drawbacks of other reports in which excess free lectin was available to interact directly with virus.
The results presented in Table l show a lectin-specific inhibition of viral haemolysis. Haemolysis by influenza virus H1N1 strains A/PR/8/34 (PR8) and A/WSN/33 (WSN) was not inhibited with cells pretreated with concanavalin A (Con A) (~-D-mannose-or glucose-specific), peanut (fl-D-galactosyl-specific), or wheatgerm (N-acetyl-D-glucosamine-specific) lectins (Table  1) , or soybean lectin (N-acetyl-D-galactose-specific; I00 ~tg/ml, data not shown). At these concentrations, the erythrocytes were visibly agglutinated/aggregated, indicating that the lectins were binding to the cells. It is noteworthy that Con A inhibited Sendai virus haemolysis by > 90~ under these conditions (not shown A.) were incubated with lectin in PBS pH 7.2, lacking Ca 2+ and Mg 2+ for 1 h at 4 °C, washed three times in cold PBS and virus was attached (640 HAU) to 500 ~tl of C RBCs for 1 h at 4 °C. The cells were pelleted (15000 g, 5 s) and haemolysis was initiated by pulsing for 2 rain at 37 °C in 250 ~tl Mcllvaine's phosphate--citrate-buffered saline (50 mM) pH 4-6 adjusted to neutrality with 1 ml PBS. Haemolysis was measured from the ODs4o values. The virus used generally provided 25~ to 30~ of the maximum water-shock haemolysis and 50~ to 60~ of the maximum virus-induced haemolysis. No difference in HLI by lectin was observed in PBS supplemented with Ca z÷ or Mg 2+ (1 raM). Values are the average of three experiments.
t Lectins were from Sigma although similar results were obtained with lectins from Vector Laboratories, Burlingame, Ca., U.S.A. or Pharmacia P-L. No difference was noted between tetrameric and dimeric (succinylated) Con A.
:1: Virus was pelleted twice (70000 g, 1 h) from clarified (1800 g, 20 min) allantoic fluid (harvested 42 h after infection of 10-day-old embryonated chicken eggs). No difference was found with virus purified on a sucrose gradient.
whereas pea lectin (PL), which exhibits the same general sugar specificity as LL but has a fivefold greater Ka (Fasman, 1976) , inhibited haemolysis by WSN (70~) but not by PR8 (10~). This inhibition was reversed with 0-1 M-~t-methyl-D-mannoside or 3-O-methyl-D-glucose, but not Dgalactose. No effect of phytohaemagglutinin lectins (Polos & Gallaher, 1982) was measured, since these lectins extensively agglutinated and haemolysed the cells.
A further comparison of the effect of LL and PL on WSN and PR8 haemolysis is presented in Fig. 1 . The sensitivities to LL were similar, whereas a clear distinction between the viruses was evident with PL. Sixty to 75 Ixg/ml PL was needed to produce 50~ haemolysis inhibition (HLI) with WSN, while a similar inhibition of PR8 was reached only at very high (> 250 ~tg/ml) concentrations. The effect was relatively independent of the virus concentration, as similar sensitivities were found with 320 to 1920 haemagglutinating units (HAU) of virus. Furthermore, the HLI did not reflect a decrease in the rate of haemolysis, since the same HLI was observed after haemolysis times of 1 or 24 h.
Interestingly, a variation in HLI values was found between batches of CRBCs (compare values in Table 1 and Fig. 1) , whereas a similar variation in the amount of viral haemolysis in the absence of PL was not observed. The absolute HLI values at 100 ~tg/ml PL ranged from 54~ to 85~, and 35~o to 47~ at 25 lag/ml, but the relative sensitivities of WSN and PR8 were maintained. Occasional batches of CRBCs were fully resistant to PL haemagglutination and viral HLI, while others produced a 50~ HLI by WSN with as little as 8 ~tg/ml lectin.
It was reasoned that PL could inhibit viral haemolysis not only by blocking cell surface or viral carbohydrates required for fusion, but also by cross-linking either viral proteins to the cell surface, or viral or cellular proteins to each other. A monovalent PL was not available to avoid potential cross-linking effects of the bivalent lectin used in these studies. It was therefore important to identify which of these potential targets was involved in the observed HLI. To this end, an evaluation was first made of PL activity against a panel of viruses. The capacity of PL to bind to virus under different experimental conditions was then measured to assess a direct interaction with virus in the haemolysis assay.
The sensitivity to haemolysis by another orthomyxovirus, influenza virus strain B/Lee/40 (B/Lee) (a gift from Dr O. Hailer), WSN which had been grown in another host [Madin-Darby bovine kidney (MDBK) cells] to produce a different glycosylation pattern (see Schwarz & Klenk, 1981) , and two paramyxoviruses was tested using 100 ktg/ml PL, to determine the viral Table 2 show that an HLI was found for egg-grown WSN (85%), B/Lee (30%), Sendai virus (91 ~o), and MDBK-grown WSN (52 %), but not with egg-grown PR8 (14 %) or NDV (6 %). In all cases, the capacity of the cells to attach virus was not detectably reduced (< 50% inhibition) by PL. The measurement of a PLmediated reduction in virus HAU titres revealed a potential interaction with B/Lee and Sendai viruses but not with WSN (egg-or MDBK-grown) or PR8. PL-susceptible carbohydrate residues were present on both WSN and PR8, however, since a saturating amount of 1251-labelled lectin bound specifically to WSN, PR8 and Sendai virus in solution [75 ~tg PL and 10 ~tg viral protein, 1 h at 4 °C, in 200 ~tl phosphate-buffered saline (PBS)], to the same extent (approx. 1 ~tg PL bound/3 ~tg viral protein).
A direct interaction of lectin with virus on the cell surface was tested by measuring the capacity of virus to elute from pretreated cells. Virus (640 HAU) was attached to either mocktreated or 100 ~tg/ml PL-treated CRBCs, as described for the HLI assays. Cells were washed twice with PBS to remove unbound virus, and shifted to 37 °C for elution (1 and 16 h). Elution of PR8 was not detectably inhibited by PL. Without PL, 360 to 400 HAU WSN was recovered within 16 h of elution. Twenty HAU was eluted from PL-treated CRBCs without exogenous neuraminidase, and 60 HAU with added neuraminidase (10 units/ml; Gibco Vibrio cholerae neuraminidase). Neuraminidase was added here to compensate for any elution problems due to the relatively unstable WSN neuraminidase. Addition of 0.1 M-ct-methyl-D-mannoside with or without neuraminidase in the elution buffer, provided recovery of 320 to 400 HAU. When cells were treated with ct-methyl-D-mannoside at 0 °C for 3 h after neuraminidase treatment (37 °C, 16 h), no detectable HAU were recovered, suggesting that the virus-receptor bond was inaccessible to neuraminidase under these conditions. However, these results suggest that PL did not simply cross-link virus to the CRBC surface. Furthermore, a binding of virus to lectin rather than sialic acid-containing cellular receptors (Yamamoto & Inoue, 1978) was ruled out, since treatment with ~-methyl-D-mannoside alone did not permit elution (< 20 HAU) of virus containing heatinactivated (56 °C, 30 min) neuraminidase. t Haemolysis was initiated by an acid pulse (pH 4-6, optimum for orthomyxoviruses) or by shifting washed cells to 37 °C [for paramyxoviruses, Sendai virus and NDV (both Rockefeller strain)], and haemolysis was measured after 1 h incubation at 37 °C as in Table 1 . The values are the average of two experiments.
Short communication
~: Determined from the amount of virus (HAU) remaining unattached following 1 h virus attachment to either mock-treated or 100 ~tg/ml PL-treated CRBCs. -, No difference observed between virus attachment to PL-treated and untreated CRBCs.
§ Virus (640 HAU) was incubated with 500 ~tl of 100 rtg/ml PL for 1 h at 4 °C, and residual HAU titres were measured.
II MDBK cells were infected with egg-grown WSN at an m.o.i, of 0.01, in Dulbecco's medium supplemented with 2 % foetal calf serum. Virus was purified from an extract of frozen and thawed cells and medium by banding in a 20 % to 60% (w/v) discontinuous sucrose gradient. The HLI value is an average of five separate experiments.
¶ rcr, Not tested.
The pattern of lectin HLI did not follow any general rule for the number of subunits, degree of glycosylation, or Ka of the lectins (Fasman, 1976) , but presumably reflected a unique specificity of PL for cell surface carbohydrate in this system. Since the effect of lectins on viral HL was both virus-and lectin-dependent, the effects were not due to a non-specific cross-linking of the red cell surface. The inhibition by PL was consistent with different preparations of virus, but, as mentioned above, did vary with different lots of CRBCs. It should be noted that free sugars, including _< 200 mi-o-galactose, glucose, mannose, ~t-methyl-o-mannoside, lactose, or Nacetyl-o-glucosamine, did not reproducibly reduce haemolysis of CRBC by WSN, PR8 or Sendai virus (unpublished observation).
The present study highlights obstacles in the use of lectins to probe for a cellular carbohydrate involvement in viral fusion. Extensive controls are needed to identify the site of lectin action, as blocking of'fusion receptors' by lectin may be masked by crossqinking of virus to cells, or of cell membrane proteins to each other. Previous reports (B~ichi et al., 1978; Polos & Gallaher, 1982; Toyama et al., 1978) showed that certain lectins that inhibited viral fusion did not detectably reduce virus HAU titres or inhibit virus attachment to cells, but no evaluation was made of a potential binding of multivalent lectin to virus on the cell surface (i.e. the capacity of virus to elute from cells).
The results from this communication show that lectin HLI was both virus-and lectin-specific, with PL providing the greatest virus specificity. A qualitative difference between the two H1 N 1 influenza A virus strains, WSN and PR8, was identified, to suggest a difference in either the lectin-susceptible carbohydrate residues on the virus, or the cell surface molecules involved in fusion. The potential glycosylation sites of these viruses are similar (Caton et al., 1982; Hiti et al., 1981) , although a heterogeneity (Nakamura et al., 1980; Schwarz & Klenk, 198 l) of appropriate lectin binding sites may be present. The only difference noted was a two-to four-fold greater amount of PL binding to WSN HA2 compared to PR8 HA2 in a Western blot (not shown): binding of PL to HA1 or neuraminidase were indistinguishable between these viruses. However, no detectable binding of PL to WSN or PR8 was observed under the conditions of the haemolysis assay, to suggest that PL activity was not simply due to cross-linking virus to the cells, or cross-linking viral glycoproteins.
